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Abstract. Electrical contact resistance is an important parameter for resistance spot
welding. In this study, a microscale electrical contact resistance analysis method is pro-
posed for resistance spot welding. The microscale electrical contact resistance analysis
method is combination of an elasto–plastic large deformation contact analysis and an
electric current analysis. The electric current analysis is performed for deformed shape of
asperity. The tendency of the electrical contact resistance on contact pressure and tem-
perature for the electrical contact resistance analysis agrees with that for Babu’s electrical
contact resistance model.
A multiscale coupled analysis method is also proposed for resistance spot welding. The
multiscale analysis consists of macroscale elasto–plastic large deformation contact, electric
current and thermal conduction triply coupled analysis and microscale electrical contact
resistance analysis. It is confirmed that the resistance spot welding analysis without
measurement of electrical contact resistance can be performed by using the microscale
electrical contact resistance analysis.
1 INTRODUCTION
Resistance spot welding is widely used for manufacturing industries such as auto mo-
tive industry. Since the resistance spot welding is elasto–plastic large deformation contact,
electric current and thermal conduction coupled problem, triply coupled analysis is re-
quired for examination of welding mechanism and determination of welding conditions.
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Many researches have proposed the analysis methods of resistance spot welding[1, 2, 3].
The authors have also proposed the triply coupled analysis model[4], and developed the
analysis code which is constructed by commercial code MSC. Marc and in–house electric
current–heat conduction coupled analysis code using MPI[5]. Since the numerical insta-
bility for coupled analysis[6] may be encountered the analysis of resistance spot welding,
evaluation of numerical instability is important for the triply coupled analysis method.
In the analysis of resistance spot welding, electrical contact resistance is an important
parameter for nugget formation process. Many theoretical models were presented for elec-
trical contact resistance[7]. Greenwood proposed the electrical contact resistance model
for a cluster of spots with various sizes and their distributions[8]. Babu et al. proposed the
empirical electrical contact resistance model which is based on Greenwood’s model and
the measured electrical contact resistance, and is easy to use for resistance spot welding
simulation[9].
In this study, a microscale electrical contact resistance analysis method is discussed
corresponding to various grade steel plates, surface roughness and zinc plated steel plate.
The microscale electrical contact resistance analysis method is combination of an elasto–
plastic large deformation analysis and an electric current analysis. Three-dimensional
microscale finite element model is constructed based on surface roughness measurement.
The tendency of the electrical contact resistance on contact pressure and temperature for
the electrical contact resistance analysis is compared to that for electrical contact resis-
tance model. A multiscale coupled analysis method is also proposed for resistance spot
welding. The multiscale analysis consists of macroscale elasto–plastic large deformation
contact, electric current and thermal conduction triply coupled analysis and microscale
electrical contact resistance analysis. The multiscale analysis is executed and is compared
with conventional single–scale analysis result using Babu’s model.
2 MICROSCALE ANALYSISMETHODOF ELECTRICAL CONTACT RE-
SISTANCE
The microscale analysis method of electrical contact resistance is shown in Fig. 1.
The finite element analysis model is constructed based on microscale measurement of
surface roughness. The electrical contact resistance is calculated by elasto–plastic large
deformation contact analysis and electric current analysis.
In the elasto–plastic large deformation contact analysis, temperature dependent stress–
strain relationship is used. Since the electrical contact resistance is calculated by the
microscale analysis, the statistically similar representative volume element (SS–RVE) is
used for the analysis, and periodic boundary condition are imposed on the microscale
finite element analysis model.
In the electric current analysis, the φ method is used to obtain the electric resistance
for deformed shape. Boundary condition of φ = 0 and φ = φ0 are imposed on bottom
surface and contacted node, respectively.
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Figure 1: Microscale electri-
cal contact resistance analysis
method
Figure 2: Measured surface roughness of 440 MPa
grade steel plate by laser microscope
3 MICROSCALE ANALYSIS OF ELECTRICAL CONTACT RESISTANCE
3.1 Analysis conditions
In order to analyze electrical contact resistance, microscale finite element analysis
model is constructed based on laser microscope measurement of surface roughness of
440 MPa grade tensile strength steel plate. The measured surface roughness is shown in
Fig. 2. The resolution of in–plane and height directions were 0.139 µm and 0.001 µm,
respectively.
The SS-RVEs shown in Fig. 3 are used to discuss the SS-RVE size. Figure 4 shows the
finite element analysis model of 100 µm × 100 µm SS–RVE. The SS–RVE is divided by
20–node solid element. Figure 5 shows time history of contact pressure and temperature
to discuss the SS–RVE size.
3.2 Results
Figure 6 shows the contact status for SS–RVEs. The blue area and yellow area are non–
contact area and contact area, respectively. The electric current analysis are performed
for deformed shape obtained by elasto–plastic large deformation contact analysis.
The time change of electrical contact resistance are shown in Fig. 7. The results for
100 µm × 100 µm agree well with those for 150 µm × 150 µm. Therefore, over 100 µm ×
100 µm is required for SS–RVE of the microscale analysis of electrical contact resistance.
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Figure 3: SS–RVEs for measured
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Figure 4: Finite element anal-
ysis model of SS–RVE 100 µm
× 100 µm
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Figure 5: Change of contact
pressure and temperature
(a) 50× 50µm2
(b) 100× 100µm2 (c) 150× 150µm2
Figure 6: Change of contact status with SS–RVE
size (Blue area: Non–contact, Yellow area: Contact)
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Figure 7: Convergence of electrical contact resis-
tance with SS–RVE size
3.3 Characteristics of electrical contact resistance
Characteristics of electrical contact resistance is discussed for contact pressure and
temperature as shown in Fig. 8. The results of microscale analysis are compared to those
of Bubu’s model[9] expressed as
RCA = (ρ1 + ρ2)
(
1
4
√
piσY S
ηP
+
3pi
16
√
η
)
, (1)
where ρ1 and ρ2 are electric resistivity, σY S is yield stress, and η is asperity density.
Figure 9 shows the change of electrical contact resistance for the microscale analysis
and Babu’s model. The tendency of electrical contact resistance on contact pressure and
temperature for the microscale analysis agrees with that for Babu’s model.
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Figure 8: Time change of contact pressure and
temperature
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Figure 9: Change of electrical contact resistance
with contact pressure and temperature
4 MULTISCALE ANALYSIS OF RESISTANCE SPOT WELDIND
4.1 Method of multiscale analaysis
The multiscale analysis consists of macroscale elasto–plastic large deformation con-
tact, electric current and thermal conduction triply coupled analysis[4] and microscale
electrical contact resistance analysis. In macroscale finite element analysis model shown
in Fig. 10, there are contact finite elements to evaluate electrical contact resistance on
the interface between two steel plates and between the electrode and the steel plate. Mi-
croscale analyses are assigned into macroscale contact finite elements to obtain electrical
contact resistance. Since microscale finite element analyses are independent each other,
the parallel computing technique is employed by the message passing interface (MPI)
library.
Figure 11 shows data flow of the multiscale coupled finite element analysis. In the
macroscale electric current analysis, the T method is employed to evaluate the Joule
heating. The thermal conduction analysis computes temperature distribution by Joule
heat with contact dependent thermal conduction paths at the macroscale.
Figure 12 shows macroscale finite element analysis model for resistance spot welding
simulation. The macroscale finite element analysis model is divided using axisymmetric
8 node element. Since there are 100 contact finite elements between two steel plates,
microscale finite element analyses are assigned into the macroscale contact finite elements
to evaluate the electrical contact resistance in every time step.
4.2 Results and discussions
Multiscale resistance spot welding analysis is performed for welding current 9.5 kA
and electrode force 1.47 kN. Figure 13 shows the deformation, electric current potential,
temperature and nugget for 200 msec. The inside of steel sheets is melted, and nugget is
formed on plates interface.
In order to investigate the multiscale analysis results, single–scale analysis is also exe-
cuted using Babu’s model for evaluating the electrical contact resistance. Figure 14 shows
comparison of temperature between the multiscale and single–scale analysis results. The
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Figure 11: Schematic diagram of multiscale coupled
finite element procedure of resistance spot welding
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Figure 12: Macroscale finite element analy-
sis model
Figure 13: Deformation, electric current poten-
tial, temperature and nugget obtained by multi-
scale resistance spot welding analysis (200 msec)
temperature of single–scale analysis result using Babu’s model is higher than that of mul-
tiscale one because the electrical contact resistance of Babu’s model is higher than that
of multiscale analysis. Figure 15 shows comparison of time change of nugget diameter.
The nugget growths are different between multiscale and single–scale analyses, however,
the final nugget diameters are almost same because the electrical contact resistance is
eliminated by high temperature.
5 CONCLUSIONS
The electrical contact resistance analysis method is proposed for resistance spot weld-
ing. The method is combination of elasto–plastic large deformation contact analysis and
electric current analysis. The microscale finite element analysis model is constructed based
on surface roughness measurement. The tendency of the electrical contact resistance on
contact pressure and temperature agrees with that of Babu’s models.
The multiscale coupled analysis method is also proposed for resistance spot welding.
The multiscale analysis consists of macroscale elasto–plastic large deformation contact,
electric current and thermal conduction triply coupled analysis and microscale electrical
contact resistance analysis. The multiscale resistance spot welding analysis is executed
and is compared with conventional single–scale analysis result using Babu’s model. It
is confirmed that the resistance spot welding analysis without measurement of electrical
contact resistance can be performed by using the microscale electrical contact resistance
analysis.
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Figure 14: Temperature distribution on steel
plates interface for multiscale coupled analysis and
singl–scale analysis using Babu’s model
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Figure 15: Time change of nugget diameter
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